KJCEM 22.1.047~054
January 31, 2021

www.kicem.or.kr (pISSN 2005-6095 / elSSN 2465-9703)
http://dx.doi.org/10.6106/KJCEM.2021.22.1.047

Ayl 7 A FFAD YRS 2lch A0LE M|O|ZE| HIM IHE

0173 - ot

1= = = = = 2= = = =
SAYStL AHE R ST - SO ATkl RESPSR 2ils

Development of Smart Safety Sensors to Prevent Falling and Contact Accidents at
Construction Sites

Lee, Juhee', Ahn, Joseph**

'Student, Department of Architectural and Civil Engineering, Hoseo University
*Assistant Professor, Department of Architectural and Civil Engineering, Hoseo University

Abstract : According to the Korea Occupational Safety and Health Agency's (KOSHA) report on industrial accident statistics
over the past four years, the number of casualties at construction sites from 2017 to June 2020 was about 93,158 and the
number of deaths was about 1,977, showing a high trend of safety accidents among the eight major occupational groups, with
the construction industry ranking third in total and the death rate being the highest in total. Among them, the number of
deaths caused by falls in the entire occupational category is about 1,267, the highest rate of deaths due to contact is about 522,
which is a frequent safety accident among the top three accident types. This paper aims to help reduce the overall proportion
of construction safety accidents by developing smart safety sensing devices using ultrasonic sensors to prevent two types of
safety accidents, which have the highest rate of occurrence among various types of safety accidents occurring at construction
sites.
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Fig. 1. Status of Industrial Casualties and Deaths
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Fig. 2. Status of Deaths by Types
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Table 1. Literature review

Author Research Summary
Shin Han-Woo et al. | The Effectiveness of Emotional Safety Using PIR Sensor
(2010) in Building Construction Site
Kim Kyong-Hoon et al. |  Study on the Research Trends and Prospects about
(2014) Construction Safety & Disaster
Lee Dong-Gun et al.

(2019) Smart Safety Helmet Using Arduino

Safety Management of the Retaining Wall Using USN

Moon Sung-Woo et al. Sonar Senors

Kim Cahng-Sub et al. The Improvement Program for the Shedding of
(2006) Analysis and a Prevention of Construction Accident
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Table 2. Open Sensor Device Platform

Name of Sensor | Corporation Feature
1. Provide an integrated development
environment for Arduino and develop a C+
Arduino Atmel language-based.
2. Windows, Linux, Mac OS X Cross platform
support.
Rasberry Pi Broadcom Linux OS platform cente_r, Python language
based development available.
BeagleBone Tl Linux, Android OS platform support.
Galileo Intel Windows, Linux, Mac OS X platform support.
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Fig. 5. Principle of Operation of Smart Safety Sensor
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rite (trigPin, LOW);
roseconds (2) 7
rite (trigPin, HIGH)/
roseconds (10) 7

g i te(t[quln LOW) 7
duration = pulseIn(echoPin, HIGH);
distance = duration*0.034/2;

analogWrite (redLED, 0) 7
analoc = (greenLED, 0) ;
analogWrite (bluelED, 0) ;

if (distance»>=200 || distance <=0) {

tone (piezo, 100,10) ;7
Serial.println("Z0I=0] ZPSUCH."),

}

else if(distance<=150 s& distance>=141){
tone (piezo, 1000,100):
digitalWrite (blueLED, 255) ;
Serial.printin("150cmti0l EOiE0[2A5LICH. ") -

}

else if(distance<=100 s& distance>=91){
tone (piezo, 2500 ,600);
digitalWrite (greenLED, 255) 7
Serial.printin("100cmli0f ZrOi=0[2SUCH. ") ;

}

else if(distance<=40 ss distance>=31)[f
tone (piezo, 3000,1000);
digitalWrite (redLED, 255)/
Serial.println("ZTASIMRI1™)

}

Fig. 7. Arduino Coding Program

13:44:44.869 -> 150cmlioll BrOiS0llSUCH.

13:44:45.841 -> 100cmlH0ll ZOHSOIASUCH.
o 13:44:46.876 -> TAStMIR1!

Warning Alert: No.1 | i:4e.970 SSHMl

Warning Alert: No.2 —

13:45:01.085 -> 150anLHOﬂ Xror@mz‘;ucr.
00 A.' Nonc\%l;ur.h

Warning Alert: No.3 —}isresroso7e
—hrongolusnict.
13:45:07.458 -> 100cmlioll EoiEollSUCtH.
13:45:08.461 -> ZY3StMIg!!
13:45:11.83% -> 150cmlioll BOHE0IASUCE.
13:45:12.839 -> 100cmlioll ZOHEOIASLICt.
13:45:13.840 -> ZYMIRL
13:45:17.238 —> 150cmU0ll ZOH2OIRISUCH.
13:45:18.242 -> 100cmlioll FoHSOIRSUCH
13:45:19.233 —> Y3t
13:45:22.609 -> 150cmlill EHOHSOIASUCH.
13:45:23.613 -> 100cmlioll EOHSOIAUSULCH.
13:45:24.619 -> FAStMIS 1!

Out of Warning Range  —|16:55:52.137 ->[ZHE0T YSLICH]

Fig. 8. Serial Print Screen
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Table 3. Arduino Distance and Effect

Warning Warning Range Effect

No Range Over 200cm None
Warning No.1 150cm to 141cm ‘Beep’ Sound, Blue LED
Warning No.2 100cm to 91cm ‘Beep*2’ Sound, Green LED
Warning No.3 40cm to 31cm ‘Beep*3’ Sound, Red LED
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Fig. 11. Simulated Experiment
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Table 6. Simulated Experiment Result

Table 7. Survey of Smart Safety Sensor

Number Detection Distance Effect Survey Results (Number of People)
Warning 1 150cm No.1 Alert, BLUE LED [EE e g’,‘mng'y S e | e SL"’“Q'V
1 Warning 2 100cm No.2 Alert, GREEN LED Effect of Improving |sa1gree 2 3 4 gsree
Warning 3 30cm No.3 Alert, RED LED Safety Safety Awareness R 1 4 15 2
Warning 1 150cm No.1 Alert, BLUE LED Impr§vement Effect of
2 Warning 2 90cm No.2 Alert, GREEN LED Reducing Safety - - 4 16 2
Warning 3 30cm No.3 Alert, RED LED Accident Rate
Warning 1 B - | Efficient Use of
- Economic | Construction
3 Warning 2 90cm No.2 Alert, GREEN LED Efficiency | Site Safety - - 5 15 2
Warning 3 35cm No.3 Alert, RED LED Management Costs
Warning 1 - - Risk Detection B 1 5 13 3
4 Warning 2 95cm No.2 Alert, GREEN LED Risk Effect
Warning 3 30cm No.3 Alert, RED LED Detection | Accident Prevention| ) . " 6
Warning 1 150cm No.1 Alert, BLUE LED Effect
5 | Warning2 100cm No.2 Alert, GREEN LED Suitability /Sz\zgpsriizaeteness of | . ; 15 5 2
Warning 3 40cm No.3 Alert, RED LED
Warning 1 - -
6 Warning 2 95cm No.2 Alert, GREEN LED Saitabilty ]
Warning 3 30cm No.3 Alert, RED LED
Warning 1 150cm No.1 Alert, BLUE LED Aecidont Prevention Ettece. [N
7 Warning 2 100cm No.2 Alert, GREEN LED __
Warning 3 - - Economic Efficiency
Warning 1 150cm No.1 Alert, BLUE LED —
8 | Waming2 100cm No.2 Alert, GREEN LED Fisk etection
Warning 3 40cm No.3 Alert, RED LED safety Improvement !
Warning 1 160cm No.1 Alert, BLUE LED
9 Warning 2 90cm No.2 Alert, GREEN LED Lot s e
Warning 3 30cm No.3 Alert, RED LED  Strongly Agree Agree  mNeutral  mDisagree  mStrongly Disagree
Warning 1 140cm No.1 Alert, BLUE LED Fig. 12. Survey Results
10 Warning 2 100cm No.2 Alert, GREEN LED
Warning 3 30cm No.3 Alert, RED LED 71’7]_01 ‘:'6}0]] 1]2]‘1 . ‘184 :LE—‘W(] O}E} , 1—3 5]:]_] ‘UH . 5
Warning 1 - - = T o o ! =) e T g T
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Table 8. The Cost Used to Fabricate the Device

Product Name Quantity Amount (Won)
USB Arduino Cable 1 6,560
Jumper Cable for Arduino 1 2,500
Ultrasonic Wave Sensor 4 4,400
Piezo Buzzer 2 1,100
Trichromatic LED for Arduino 1 2,900
Arduino UNO R3 Board 1 7,100
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